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(g) One slap test for absolute counts. 
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Field of the Invention 

This Invention relates to a one step method fbrdetemilnlng absolute oounte of cells In a sample, and more 
particularly, relates to a one step method for cotintlng the at>solute number of one or wore populations of reti- 
5 oulo(^s and/or leukocytes, such as GD4^ lymphocytes, In a whole blood sample by means of flow cytometry. 

Background of the Invention 

Counting the number and types of cells In a sample has been and continues to be an important diagnostic 
io tool. For example, detemnlning the number of white blood cells (or leuko<ytes) in a blood sample can provide 
an Indication of Infectbn. Detemnlning the number of platelets, red blood cells and other hematopoietic system 
components (including retteulocytes) also can provide the dinlclan with infomnation on the status of a patient's 
system. More recentiy, the Increase In Incidence of AIDS has made counting a specific population of leukocytes 
extrenDely important 

iS AIDS b a oonditk>n which results when an Individual has become Infected with HIV. Progresstonof the Infec- 
tion generally renders the individual Immunodeflclent. and as a result, often leads to death from lethal oppor- 
binistte Infections such as Pneumocystis carinil pneumonia. The mechanism of HIV infection whteh results In 
AIDS Is believed to be mediated through the binding of HIV to a subset of T-cells which are klentlfied by the 
CD4 surface antigen. By Infecting and mediating tiie destruction of this subset of T lymphocytes, the individual 

20 infected with HIV loses the ability to respond to opportunists Infections and pathogens, 

HIV Infections progress through a nimber of different dinbal stages which may be distinguished in a variety 
of ways. One presentiy accepted classification system for charting the progress of tiie disease from Initial expos- 
ure through the latter stages is described In tiie Walter Reed Classification System. 

A number of criteria go into evaluating each of the several stages. For example, the presence or absence 

25 of antibodies to HIV or the presence or absence of the virus itself are used as an Indtoatlim of initial exposure 
to HIV (WR1). Subsequently, the number of CD4^ lymphocytes in the blood may be measured. A decrease In 
the number of 004* lymphocytes Indicates that the disease has progressed <WR3}. Accordingly, accurately 
detemfiining the number of CtM* lymphocytes in an AIDS patient Is clinically Important (For a further description 
of theWalterReedCiasstflcatton System and the clinical aspects of AIDS, see Redfleldetai..ScL Amer., 259:70 

30 (1968).) 

in anotiier example, U.S. Pat. No. 4.677,061 describes the Importance of detennlning the ratio of specific 
cell types In the monitoring of autoimmune patients, particularly patients with multiple sclerosis. In this patent, 
the ratlQ of CD4^ or CD8^ ceils to subsets thereof bearing cdlular differentiation antigens is detemiined. Par- 
ticuiariy useful is the ratio of CD4* to Lp220^celiSL 

36 in each Instance, counting the number of ceils in a given volunrw of blood Is critical to the use of the Infor- 
mation. Standard values for many components of the hematopoietic system are known, and It Is the measui^ 
ment of deviation from that standard that Is of clinical significance. Accordingly, there have been developed 
several methods for counting such cells. 

Perhaps the oldest method Involves the microscopic examination of a whole blood sample (or some taction 

40 or component thereof). The sample Is placed on a slide which has been divided Into speclfio fields, and the 
clinician counts the ceils within each Held. The method is dependent upon the siclli of the clinician In counting 
the ceils but also In distinguishing betA/een cells types. The latter problem can be addressed by selective stain- 
ing or tagging of specific oells with a variety of dyes and/or Immunofluorescence mariners; however^ the inac- 
curacies due to subjecth/lty in manual counting cannot t>e avoided. 

45 Automated counting methods have been developed in an attempt to incorporate the benefits provided by 
selective staining but also to reduce the enor attributable to the technician. In such systems, the goal Is speed 
with accuracy. One example of such a system Involves the electronic counting of cells in a liquid sample. In 
this example, a known volume of liquid Is sent through an Instrument havlr^ a pair of electrodes. Cells of dif- 
ferent sizes can be distinguished based upon the electrical Impedance generated as each oell passes between 

so the electrodes. U.S. Pat No. 2,656,508 describes one system of this type. 

One drawback to that system Is that the relative counts of different sized partteles can be determined but 
not the abs<^ute counts in a spectfk; volume, in U.S. Pat No. 4,1 10,604, a method Is described In which absolute 
counts of platelets can be determined based upon electrical impedance. The number of red blood oells Is coun- 
ted as is the number of platelets. Then, by knowing or detemnlning the number of red blood cells in a given unit 

66 of volume, an equation can be used to arrive atthe number of platelets In the same unit volume. Alternatively, 
a reference partide could be included In the sample at a known ooncenb^tion. and then the raference particle 
Is counted along with the platelets. By knowing the concentration of reference particles, one can determine the 
concentration of platelets. 
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A drawback to this system, however, Is that It is most useful In distinguishing between cells based upon 
their physical characteristics, such as siza Not all cells are capable of discrimination based on size. For 
example, It Is not possible to distinguish between CD4^ and CD8^ lymphocytes baaed upon size. Acooidlngly, 
other Instruments (e.g., flow cytometers) have been developed that combine both nrteasurements and conflate 
B physical characteristics with fluorescence. 

Flow cytometry comprtees a well known methodology for identifying and distlngutehing between difTenent 
cell types in a non-liomogeneous sample. The sample may be drawn from a variety of sources such as blood, 
lymr^, urine, or may be derived from suspensions of cells from solid tissues such as brain, kidney or liver. In 
the flow cytometer. cells are passed substantially one at a time through one or more sensing regions where 
10 each cell Is Illumined by an energy source. The energy eouroe generally comprises means that emits ligiit of 
a single wavelength In a sensing region such as that provided by a laser (e.g„ He/Ne or argon) or a mercury 
arc lamp with appropriate bandpass filters. Different sensing regions can Include energy souroes that emit light 
at different wavelengths. 

in series with each sensing region, various light oollection means, such as photomul tip! ier tubes, are used 

16 to gather light that Is refracted by each oell (generally referred to as forward light scatter), light that is reflected 
orthogonal to the direction of the flow of the cells through a sensing region (genersliy referred to as orthogonal 
light scatter) and one or more light collection means to collect fluorescent light that may be emitted from the 
cell as It passes through a sensing region and Is illuminated by the energy source. Light scatter Is generally 
correlated with the physical characteristics of each ceil. 

20 Flow cytometers further comprise data recording and storage means, such as a computer, wherein sepa- 

rate channels record and store the light scattered and fluorescence emitted by each cell as it passes through 
a sensing region (i.e.. the data collected for each cell comprises a " recorded event By plotting orthogonal 
light scatter versus forward light scatter In either real time or by reanalysis of the data after the events have 
been recorded, one can distinguish between and count, for example, the granulocytes, monocytes and lyn^ 

28 phocytes In a population of leukocyte. By gating on only lymphocytes, for example, using light scatter and by 
the use of appropriate Immunofluorescence markere, such as monoclonal antibodies labelled with fluoroo- 
hronnes of different emlssk>n wavelength one can further distinguish between and count cell types wUhln the 
lymphocyte population ( e>g.. between CD4* and CDS*" lymphocytes ). U. S. Pat Nos. 4, 727,020 , 4,704,891 
and 4,599,307 describe the arrangement of the various oomponents that comprise a flow cytometer and also 

30 the general principles of Its use. 

While It Is possible using the above-described methods to count the number of cells in a sample and to 
distinguish between various cell populations, the number of cells counted will be relative fl.e.. It will not give 
an absolute count for a speclfk; volume of blood). Generally, these methods require that red blood cells be sub- 
stantially removed f^m the sample. One reason is because the light scatter of the rsd blood ceils and leukocytes 

35 Is substantially overiapping making their differentiation based on light scatter alone difficult Another reason is 
that In order to count leukocytes in a more rapid manner the number of red blood ceils must be reduced because 
the number of red blood cells to leukocytes Is approximately 1 ,000 to 1 . Accordingly, practitioners In the field 
routinely iyse whole blood or separate out the blood cell components by density dependent oentrifugation. 
In addltton tothe step required for whole blood separation, otherstepsara routinely Invohred. For example, 

40 once a lysed blood preparation Is made, Immunofluoresoence markere can be added. Unbound antibodies, 
then, are routindy washed from the cells. After that step, a flxath^ Is added. Finally, cells are run on a flow 
cytometer. Each step introduces not only the possibility for error, but also the loss of cells from the sample. In 
addition, each step Increases the risk to the technician of being exposed to contaminated bk>od. Using these 
badltlonal flow cytometric methods, therefore, the number of cells In a gh^en volume of blood cannot be easily 

4S or accurately determined. 

Thus, In each of the presently described systems, there are one or more obstacles that prevent one fixxn 
accurately detemnining theabsolute count of spedfio cells In a heterogeneous sampieof bk>od. These obstacles 
are not overcome by the mere addition of a reference particle, as descrilbed In U.S. Pat. No. 4.110,604, with 
flow cytometry. Several drawbacks remain. 

so A major drawback to the use of flow oytometers Is that unless the fluorescence channels and optical align- 
ment of each flow cytometer Is calibrated to read the same, there Is no assurance as to the souree of variation 
In a sample. It Is likely that one instalment will give different readings on the same sample on different days if 
It was aligned and/or calibrated differently each day. SImllariy, there is no assurance that any two Instiuments 
will provide the same results even If preperiy set up. Acoordingly, while flow cytonnetry pravkiea a better meas- 

66 ure of Identifying and distinguishing between cells In a sample, its present use as a clinical Insfrument Is dimi- 
nished by the limitations In set up and operation. What is required Is a single system or method that will allow 
one to accurately count eels In a sample and be assured that the results from one Insbument are consistent 
from sample to sample as well as consistent with results obtained from other Instruments. 
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Another obstacle Is to decrease or iimit the exposure of the technician to an Infectious sample. Treditiondiy, 
cell fixatives, such as paraformaldehyde, have been added to flow cytometry samples not only to * fix" the 
cell/antibody Interaction but also to Inactivate Infectious agents that may be In the sample. Rxatlon traditionally 
has been done after staining. As a result, the technician was required to mix the sample vrith the Immunof- 
5 iuorescence nr^arker (s) and then fbc This then required separate oontalnera for each reagent increasing the 
number of steps needed before a sample can be njn, thus raising the posslbQIty for enorand, as importantly, 
the possibility Ibr exposure. 

Finally, It has be tiHditlonaliy required to mix the ImmunoHuorescenoe mari(er(s} with a small sample 
volume, IVplcally, 20}il of rBagent(s) were added to 60|il of sample. It was believed that the total volume oon- 
10 tainlng the oells and reagents should be small eo that complete staining would occur. 

The present Invention overcomes all of these otistacles and provides a one step test for absolute counting 
of one or more specifio populations of oells In an unlysed whole blood sample. 

Summary of the Invention 

15 

The Invention comprises a method and kit for the absolute counting of one or mere populations of cells In 
a sample. The preferred means for counting such oells comprises a flow (^meter. In the method, a sample 
Is added to a tube which oontains a diluent The diluent comprises a mixture of a fixative, one or more ceil mar«* 
kors and a known number of micro particles per unit volume. The mforopartide is fluorescent and the fluoreac- 

20 ence is distinguishable from the fluoresoence emitted by the cell markei^s). The sample In the diluent then Is 
vortexed, incubated, vortexed again and njn on a flow cytometer having one or more fluorescence channels. 

Fiuoresoenoedata is recorded and stored for each event Atluoresoenoe trigger is setfor one fluorescence 
channel so as to Include essentially all of the micropartfcles and cells to be counted. The number of particles 
then Is coun tod by analyzing the recorded events. At least one additional fluorescence discriminator (or "gate") 

25 then Is setfor each population of cells In the sample such that one or more of the gates is sufRdent to distinguish 
between the fluorescence of each populatlc^ and from the mlcropaitldes. The number of oells In each popu- 
lation then is counted by reanalyzing the recorded events. 

Knowing the number of ceils in each populatloni the number of beads and the concentratkin of the beads 
per unit volume, the number of celts In each population can be absolutoiy counted. 

30 A kit useful In the practice of this Invention oomprlses the fdkywlng items: a sample tube and a diluent whe- 
rein the diluent comprises a' mixture of a fixative, one or more oeli marken» and a known oonoentration of a 
mlcropaitlde. The diluent may be packaged In the tube. Alternatively, the diluent may be separately contained 
or may be broken up Into Its several componente each of whtoh may be separately oontained. in these alter** 
natives, the diluent n^ay be added to the sample tube before or after the sample Is added to the tube. 

$5 

Brief Description of the Drawings 

FIGp 1 comprises a plot of mean tog fluorescence versus staining volume for unlysed whole blood cells 
stained with the same amount of Anti-Leu 3a (PE) wherein and fixed In the presence of different ooncentretions 
40 offlxatlves. 

FIG. 2 comprises A) a oontour ptot of log fluorescence 2 versus log fluorescence 1 for recorded events 
exceeding a flret fluorescence trigger from unlysed whole blood cells stained with a diluent containing Anti-Leu 
3a (PE) and Pandex D 2.12^ autofluorescent micrepartlcles and B) a histogram of log fluoresoence 1 for cells 
and beads falling within the gate set in A). 
^ FIG. 3 oompilses 5 bar graphs of the absolute number of CD4^ lymphocytes per micropartide In unlysed 
whole blood for each of two replicate samples from three indivkiuals, which has been stained with Anti-Leu 3a 
(PE), 

FIG. 4 comprises a plot of the ratio of CD4^ lymphocytes to miGropartidles versus percent dilution for a bufiy 
coat-depleted whole blood samples to which whole blood has been added back and which have been stained 
50 with Anti-Leu 3a (PE). 

Detailed Description 

The invention comprises a method and kit for the detemnlning the absolute count for one or more popu- 
6$ tatJons of cells In a sample, preferrably, by flow cytometry. The sample may be derived tttm any tissue source, 
but generally is selected from the group consisting of unlysed whole blood, lymph, spinal fluid, urine and bone 
marrow. Whole blood is one preferred embodiment of the Im^ention. 

The populations of cells that can be counted In a sample comprbe ptateleta, red blood cells, white blood 
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oells and subsets and precursora cf each. One preferred population of red blood cdls oomprise reticulocytes. 
The prefened subsets of leukocytes oomprise lymphocytes, monocytes and granulocytes. In one prei^med 
embodiment, lymphocyte subsets are partlculaily Impoitent and more prefened is the counting of CD4^ T lym- 
phocytes In a whole blood sample. It will be appreciated that this Invention Is applicable to counting any one 

€ population of cells (e.g.. CD8 T lymphocytes) as well as to more than one population of cells. For example, 
In order to oount both the number of C04* and CD8'^ T lymphocytes in a sample, one could use antl-CD4 and 
antl*CD8 antibodbs. In another example, to calculate a three part white blood cell dHTerentlal, one could use 
anti-CD45, antl-CDU and antl-CDi 5 antibodtes. In still another example, to calculate the absolute number of 
T lympho(^es and/or B iymphocytes, one oould use anti-CD3 and/or antk/D1 9 ( or antl-CD20 ) antibodies to 

10 count T cells or B cells respectively. Any population that can be Identified by a single cell marker can be counted 
alone or can be counted with other populations In the same sample. 

Cell markers useful in the practice of this Invention comprise ImmunofluorGsoenoe markers and other 
fluorescence tagging agents whteh will specifically label one or mora populations of cells. As set forth above, 
immunofluorescence markers comprise antibodies bound toUuorochromes. Monodonal antibodies are prefer- 

18 red. Examples of fluorescence tagging agents Include nudeto add dyes» such as those described In U.S. Pat 
4,644,546. 4,883,867 and 4,637,186. and such dyes as propidlum todlde, acridlne orange, thiazole 
orange, thioflavin T and 7*«mlno-acdnomycin D« A prefened nudeio acid dye described generally by fonfnula 
i of U.S. Pat. No. 4,544,546 having a qufnollne nudeua Is presently marketed as a laser dye under the 
tradename LDS.751 (Exciton). 

2a Fiuorochromes useful in the practice of this invention may or may not be excitable at the same wavelength 
of light. Dyes having these properties indude the phycobliipnoteins (especially phyooerythrln). fluorescein deri- 
vatives <such as fluorescein IsothkKsyanate), peridlnin chlorophyll complex (such as described In U.S. Pat, No. 
4,676,1 60), ooumarin derivatives (such as aminomethyl ooumsrin), pthalocyanlne dyes (such as Ultralite dyes 
(Ultradlagnostics)) and rhodamlne derhratfves (such as tetiamethyl rhodamlne or Texas Red (Mdecular 

25 Probes)). 

When more than one population of cells Is to be counted, more than one cell marker may be used (each 
being specific for a different population); however, the fluorescence of each marker must have emission 
wavelengths that are distinguishable not only from each other but also from the n^croparticle used in the diluent. 
When only one immunofluorsscence marker is used, phyooerythrln Is preferred as the fluorodirome. When two 

30 or more Immunofluorescence markers are used, phycoeiythrin and peddlnin chlorophyll complex are prefemed. 
In order to count one ortwo populations of celis in a sample, the sample Is added to a tube. The total volume 
of the sample plus diluent should be greater than or equal to 200^. A total volume of 0.5 to 1ml Is preferred. 
The volume of the sample then Is detennlned by the ratio (v/v) of sample to dDuent. A ratio of between 1 :5 and 
1:100 Is preferred. A rstb of 1:6 Is nrK>r6 prefemed. Using these factors, for a 1ml volume, lOO^il of sample In 

38 000|il of diluent fa prefen^ and fore O.Smi vdume, 50|ii of sample in 450(it of diluent is preferred. 

The tube may be made of plastic, such as pdystyrene or polypropylene, or may be made of giws. To limit 
non^pedflc binding of diluent components to the tube, blocking agents (such as Bovine semm albumin 
CBSA") , casein or gel^in) which bind to the ions on the surfaoe of the tube's walls may be used. The concen- 
tration of the blocking agent should be lO.IOOX the conoentration of the cell maiker (s). BSA Is preferred as a 

40 blocking agent. These agents may be coated on and dried in the tube using a preservative such as trehalose. 
The tube may be of any shape or design; however, a preferred fonnat oomprise the Unopette designs (Becton 
Dickinson) which are further described In U.S. Pat No.s 3,045,464. 3,433,712, 3,463.322, 3,464,800 and 
3.518,804. 

It is preferred that the tube contain a diluent. It is further preferred that the sample Is added to the tube 
48 oontalning the diluent. The dOuent comprises a solution of Isotonic buffer (such as phosphate buffered saline), 
one or more cell markei(s), a fixative (such as paraformaldehyde), and a known number of fluorescent mlcro- 
partides. The fixative should be in suffident concentration so as to not only fix the cells In the sample (thus, 
enabling the sample to stored, transported and run at some time well after collection) but also render Inactive 
any virus or other infectious agent that may be present (e.g. . HIV). 0.5% paraformaidehyde is preferred. It 
so should be appreciated, however, that the fbcadve need not be added if the sample Is to run Immediately and/or 
the sample need not be Inacth^ated. 

The micropartlde used In the practice of this Invention should have certain properties. First, It should be 
snnall (i.e.. between 0.2pm and 20pm, with 2pm preferred) so as to stay suspended In the mixture and not settle 
any faster than the celis in the sample. Seoond, it should be made of a material that avoids clumping or aggre- 
68 gatlon. Third, it should be fluorescent. Fluorescence can be achieved by selecting the material that comprises 
the microparticle to be autofluorescent or It can be made fluorescent tiy being tagged with a fluorescent dye 
to appear autofluoresoent Autofluoresoent microparticles are preferred. 

Tlie fluorescence of the micropartides mudt be such that In one fluorescence channel It is sufflctentiy gr^ 
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Bier than noise from back^ound so as to be distinguishable and also must be distinguishable In other duoreso- 
enoe ohannel(s) from the flucmsoent dye(8) used as part of the Immunofluorescence nrmrker(3). One log dlf* 
ference between the dye(8) and the micropartiole fluoresoenoe Is sufficient Mtcropaitlcles having these 
properties may be selected from the group consisting oTfbced chicken red blood cells, ooumarin beads, lipo- 
s somes oontalning a fluorescent dye, fluorescent beads, rtiodamine beads, fbced fluorescent cells, fluorescent 
oell nuclei, microorganisms and other beads tagged with a fluorescent dye. Coumarin beads are prefemed. 

The ooncentnation of the micropartlcle should be greater than or equal to the number of oelle to t>e counted* 
Generally, a 3:1 ratio of beads to cells Is sufficient, although a 1:1 ratio Is prefened. 

The tube oontalning the sample and the diluent then la vortexed and allowed to react for a period of time 
10 which should be sufTwIent to cause all of the cells In the sample to be labelled by the cell marker(s). 30 minutes 
Is prefeired; however, the sample and dlliient will remain stable and usable when mbced fbr longer periods of 
time before being nin on a flow cytometer. The tube may be kept at room temperature during this time. The 
tube then Is again vortexed and nin on a flow cytometer. 

The flow cytometer should be equipped with one or more fluorescence detecbois (arbitrarily referred to as 
16 fluorescence channels 1 and 2 or "FU" and "Fi^" etc. ) and with data recording and analysis means, such 
means generally comprising a computer. The cells are run through the flow cytometer sul>stantlal}y one at a 
time. Fluorescence and scatter data for each event is recorded. A fluorescence trigger is set such that essen- 
tially all the micropartides and cells to be counted nrteetorexceed the trigger level, in the preferred embodiment, 
the trigger Is set to include at least 09% of all micropartides and cells to be counted. (This may be done man- 
20 ually, for example, by viewing an oscilloscope connected to the flow cyt)onr>eter wherein a plot of fluorescence 
is made, and a line Is drawn to Include 99% of the micropartlcies.) The events then are reanalyzed, and the 
number of detected micropartides are then counted. 

For the example where only one population of ceils Is being counted, a fluorescence gate is set such that 
the fluorescence emissions of the cells and micropartides are distinguishable. This may be In a histogram of 
2B fluorescence where the Intensity of stained cells Is distinguishable from the Intensity of micropartides. Alter- 
natively, and more prefemabiy, this is done In a plot of log FL2 versus log FL1 where both the micropartides 
and the stained ceils exceed the first fluorescence trigger In FL2 but are distinguishable by gating in PL1 versus 
FI-2. The events stored in the computer then are reanalyzed with this second gate and the number of cells Is 
counted. Where two populations are being counted, three fluorescence gates are set In FL1 versus FI-2 such 
30 that a combination of oneormoreare sufftdenttodlstlngulsh between the fluorescence emissions of the several 
populations and the mlcropartksles. 

Knowing the number of cells tdr any population and number of micropartides provides a ratio. Knowing 
the number of micropartides per unit volume and then multiplying by the first ratio provides the number of cells 
in a population per unit volume which Is an absolute count of such cells. 
$5 Where three or wore populations of ceils are to be counted In a sample, the preferred nnethod Is to use at 
least two tubes. By way of example to calculate a three part differential for white blood cells, the antibodies 
anti-CD45, antl-CD14 and anti-GDi5 may be used (labelling all leukocytes, all nDonocytes and all myeloid cells 
respectlvdy). The differential Is obtained by subtracting from the number of CI>46 cells (i.e.. the number of all 
white blood cells) the nunnber of CD14 cells (LOs, the monocytes) and CD15 cells (Le^ the myeloid cells) to 
40 detemnlne the number of lymphocytes which were not spedfloally labelled by an antibody but which comprise 
the total numlier of white blood cells. 

In one tube, the diluent will comprise one or two of the cell marlcere, and In the other tube, the diluent will 
comprise one additional marker and may further comprise one of the maricere used In the flrst tube. In both 
tubes, the diluent will Include mlcropartidc^s; however, it will be appreciated that if the concentration of onepopu- 
46 lation is known (e.g.. CD4$ via the firet tube), then if a labelled antl-CD45 antibody Is used In the second tube 
without micropartidesp the fluorescence trigger fbr the second tube may be set based upon the first tube and 
the concentration of the CD45 cells from the flrst tube Is used to count the number of other cells in the second 
tube. 

The fdlowing examples detail one or more embodiments of the Invention. 

60 The first experiment was performed to determine whether a limited sample vdivne of blood could be effec- 
tively stained by a fbced amount of Immunofluoresoence mariner In a large volume of dBuent. In this experiment, 
SOpI of unwashed whole blood waa collected and added to a the oontalning a fbced amount of the antl'>CD4 
moncwional, Anti-Leu 3a (avaOable from Becton Dickinson immunocytometry Systems "BDIS"), tagged with r- 
phycoerythrin ('^£"7, In Increasing amouts of phosphate buffered saline ("PBS*^. The stained cells then were 

55 mn on a FACScan brand flow cytometer (BDIS) equipped with a Hewlett-Packard 310 computer having Consort 
30 or FACScan Research software (BDIS) and the mean peak fluorescence channel numb^ was recorded fbr 
CD4^ T lymphocytes. The results are presented in TABLE I. 
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TABLE I 



^ TOTAL STAXNZNa VOLUME (pi) HEAH PEAK CHANISTEL 

55 799 
75 798 
iO 175 793 

€75 763 
3175 690 

13 Rdferring to TABLE I, it was auprislndly fbund that tha ataining tntanaity of the 004**^ T iymphocytaa waa 
not diminished when fha concantratton of tha Immunofluoraacanca marker decraaaed. Thua, at a dilution of 
1:13.5 (Le.. whan the volume of dDuent waa 625^1), the intenaity was naariy that aeen under what had bean 
pravloualy eonaldarad to be optimal ataining oondltlona. 

In the aecond experiment, it waa necaaaary to determine whether a fixed antit>ody would etain oella In the 

20 preaance of a fixative, in thia examplap 5Q|d of unwaahad wliola blood waa mbcad with a lixad annount of Anti-Leu 
3a (PE) In the preaance of PBS In either 0.5% 8SA, 0.5 % paraformatdehyda, 0.5% formaldehyde or 2% far- 
maldehyda for an overall staining volume of either 50^1, 250^1 or 1000|ti. The antibody had baan previously 
unfixed or fixed In an Identical concentration of Hxatlve. Tha celia then were run as at>ove. Mean log PE fhjoreao- 
ence was recorded for CD4^T lymphocytes and piottad against tha volume of the diluent for each type of fixation 

2S regime. 

Referring to FIG. 1, it can be aeen thatall celia ragardlesa of fixation regime gave almllar fluorescence Intan- 
attiea at lowdilutiona. At higher levels of dilution, only the calls (and antibody) fbcad in 0.5% parafonraldahyde 
gave result comparable to the unfixed oelle and antibody. 

From this exparfmant, a diluent waa flrat prepared from a mixture of a fixed amount of Anti*Lau 3a (PE) In 
30 0.5% paraformaldehyde, Pandex D 2.12^ micropartides (Le., autoflu orescent coumarin beads) and 1% 
Pluronics F68 In PBS. The final concentration of the antibody was OM26ug/|il. 900^1 aiiquota of thia diluent weie 
mixed with 1 00^1 of unlyaed whole blood in a polya^rene hibe and allowed to raact for 30 minutes. The mixtura 
then was vortexed again and run on a flow oytonwter as above. Data was ooitected using FL2 as a trigger set 
to include greater than or equal 99% of all micropartides. 
95 Referring to FIG. 2A« the evanta tiiat exceed the fluorescence trigger ( in FL2) are shown. Four populations 
of events can besean: 1) mksropartfdea; 2) CD4*T lymphocytes; 3) CD4* monocytes; and4}nolse (Le., mostiy 
red blood cells. By drawing fha gate shown In FIG. 2A, tha events falling within the gate (I.e. , micropartides 
and 004"^ T lymphocytes) can plotted in a liistogram of FL1 . As can be aaen in FIG. 2B, to dear peaks appear 
In the distribution, and a fluorescence gate can be set to discriminate between the cells and the micropartides. 
40 Using the diluent and methods described above, 2 replicats samples of unlysed whde blood were obtained 
from threa diffsront donors end firom each replicate 5 aeparate determinations were made. The number of CD4^ 
Tlymphocytes/micropartlcle than was datermined. Referring to FIG. 3, It can be aeen that alOioygh the absolute 
number of CD4^T lymphocytes differs between Individuals, the coefficient of variation between replicataa and 
between detenmindtions within a replicate wens low (al 3% or less). 
46 Finally, in order to dennonstrate that the meaaunad ratio of CD4^ T lymphocytes to micropartides is indeed 
a msaaurs of absolute CD4^ T lymphocytes, buffy coat-depleted sample was prepared from a normal donor 
by centrifugation and aaplration. The depleted blood waa mixed with whole blood from the same donor at known 
dllutione. The mbcturee were then mbced with diluent and under the methods described above. The mlxfajras 
tiien wars run as above, and the number of Ci34^T lymphocytes detenmlned. Referring to FIG. 4, it can be seen 
so tiiat the correlation between absolute 004*^ T lymphocytes and the blood dilution was high (I.e. , : 0.996). 

Taken togethar, these experiments demonstrate ttiat it Is possible to datermlne accurately the number of 
cells In a sample per unit volume using a large volume of dDuent and a small sample of blood. 

All publications and patent epplicatlona mentioned In this speclfTcatlon are indlcatlva of the level of ortlinary 
sidli In tha art to which thia Invention pertains. All publications and patsnt appllcationa are hsrain Incorporated 
65 by reference to the same extent as if each Indh^Idual publication or patent application was specfflcalty and Indi- 
vidually indicated to be Incorporated by reference. 

It wilt be apparent to one of ordinary akii In the art that many changes and modifications can be made in 
ttie invention without departing from the apirit or scope of tiie appended claims. 
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Claims 

1 . A method for detennrilnlng the absolute counts of one or mors population of cells within a sample of whole 
blood or bone manwv by means of How cytometry comprising the steps of^ 

5 (a) adding the sample to a tube wherein the tube contains a diuent» said diluent comprising one or more 

ceil markers so that the cells in each population within the sample are labelled with the cell markera 
and a known number of fluorescent mfcroparticies; 

(b) setting a fluorescence tdggerto Indude essentially all the mlcropartides and celts In the populations 
to be counted; 

10 (c) setting one or morefluorsscenca gates to distinguish between each of the eel markers and the micro- 

pa rtldes; 

(d) counting the number of cells from step (c) that meet or exceed the fluorescence trigger and 

(e) calculating the number of cells per mlcroparticle for each fluorescence gate from step (d) and mul* 
tipiying each by the concentration of mlcropartldea resulting In the absolute count of cells per unit 

16 volume. 

2. Thd method of dalm 1 wherein thd sample is unlysad whole blood. 

3. The method of claim 1 wherein one or mona of the cell markers comprise an Immunofluorescence n^rker 
20 said immunofluorescence marker further comprising a monoclonai antibody bound to a fluorochrome. 

4w The method of daim 3 wherein the monoclonal antibody is selected from the group consisting of anti~CD4, 
ant}-CD8, anti-CD3, antl-CD14, antf-CD15, and anti-CD45 monodonal antibodlaa. 

26 & The method of claim 4 wher^n the fluorochromes are selected from the group consisting of phyoobillpro- 
teins, fluorescein derivatives, rhodamlne, pthalocyanlne derlvattvesi peridinin chlorophyll complex and 
ooumarfn derfvatives. 

8. The method of claim 1 wherein the mlcroparticle is selected fiom the group consisting of fUed chicken red 
30 blood ceils, liposomes containing a fluorescent dye, ooumarin beads, fluorescein beads, rhodamlne 

beads, fixed fluorescent cells, fluoresoent cell nuclei, microoiyanisms, surface labelled beads tagged with 
a fluoresoent dye. 

7. The method of dalm 1 wherein one or more of the cell markers comprise a fluoneacent tagging agent. 

36 

8. The method of claim 7 wherein the fluorescent tagging agents Is selected from the group consisting of 
nucleic acid dye, 7-amlno-actinomyeln D, thiazole orange, thtoflavln T, LDS-751 and acridine orange. 

0. A rrtethod for detenmining the absolute counts of one population of cells within an unlysed whole blood 
40 sampla by means of flow cytometry comprising the steps of: 

(a) adding the sample to a tube containing a diluent wherein flie diluent comprises an Isotonic buffer, 
one Immunofluorescent marker so that the cells in the sample are ial>eiled with the immunofluorescent 
martcar, a fbcative and a known concentration of a mlcropartlde having autofluorescence in two fluore8c« 
ence channels and further wherein the ratio of autofluorescance of the mlcropartlde in a flnst channel 

4S to second channel Is distinguishable from the ratio of fluorsscsnca emitted by the Immunofluorascent 

marker In said flrst channel and second channel; 

(b) setting a fluorescence trigger in the second fluorescence channel to Indude essentially all the rrdcro- 
partldes and cells of the population to be counted; 

(c) counting al micropartldes and Immunofluoresoently labelled cells that meet or exceed the fluoreac- 
60 ence trigger In the second fluorescence channel by means of flow cytometry; 

(d) setting fluorascence gates In the fiat and second fluorsscence channels to distinguish between the 
immunofluorascent mad<er and the mlcropartide; and 

(a) calculating the number of cells par mlcropartlde from step (f) and multfplying by the concentration 
of micropartldes rasulflng In the absolute count of cells per unit volume. 

66 

10. A method fbrdetenninlng the absolute oountsafCDA^IymphocyfcaswIthlnawholebloodsamplebymeans 
of flow cytometry oomprlsing the steps of: 
(a) adding the sample to a tube containing a dDuent comprising an anti^D4 monodonal antibody bound 
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to phycoerythrin, paraformaldehyde and a known oonoentretion of a 2pm) autofluorescent microparticle; 

(b) setting afluorescence trigger In the second fluoreecenoe channel to include at least 99% of all mlcro- 
partlcies and CD4^ lymphocytes; 

(c) setting fluorescence gates In the first and second fluorescence channels to distinguish betvveen the 
5 phyooerythrin fluoresoence associated with the labelled CD4^ lymphocytes and the autofluorescence 

of the mlcropartide; 

(d) counting the number of CD4'*' lym^ocytes and micropartides from step (c); and 

(e) caloulating the number of CD4^ lymphocytes per mlcropartide from step (d) and multiplying by the 
ooncentratlon of micropertides residting In the absolute count of CI>4^ lymphocytes per unit volunrm. 

10 

11. A solution fbr staining unlysad whola blood comprising a diluent, said diluent further comprising one or 
more fluoreacently labelled monoclonal antibodtoe, a flxativa and a fluoreeoent mlcropartide. 

12. The solution of dalm 1 1 %vhereln one antibody Is an antl-C[>4 monodonal antibody. 

16 

13. The solution of dalm 35 wherein the fluorascent label Is phycoerythrln. 

14. The solution of dalm 35 wherein the fixative is parafomfialdehyde. 

20 15. Asclution for staining CD4^and CDS*^ lymphocytes In an unlysed whole blood sample wherein the solution 
comprises an antI*CD4 monoclonal antibody bound to a fluorochrome, an anti-CD8 monodonal antibody 
bound to a second fluorochrome. an anti-CDd monodonal antibody bound to a third fluorochrome, para- 
formaldehyde and an autofluorescent bead. 
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